1. Introduction {#sec1}
===============

The Indian subcontinent, along with South Asian neighbors, has the dubious distinction of very high prevalence of diabetes totaling 84 million, i.e., one-fifth of all the global diabetes burden.[@bib1] We previously reported a high prevalence of diabetes at about 11% in an urban population from the state of Odisha in Eastern India,[@bib2] and similar results have been reported from recent ICMR-INDIAB population-based cross-sectional study across India.[@bib3] Related cardiometabolic risk factors, such as hypertension, central obesity, smoking, and physical inactivity, are also showing a rapid increase across all socioeconomic groups in India and elsewhere.[@bib4]^,^[@bib5] Previous well-established evidence from the Framingham Study,[@bib6] the MRFIT,[@bib7] and the UKPDS[@bib8] have demonstrated the potential areas of cardiovascular prevention and control. However, a community-based preventive cardiovascular intervention targeting both co-morbidity and associated risk factors, including diabetes,[@bib9] in an underprivileged population setting, with a heterogeneous mix of ethnicity and religious background, is limited. Such evidence is crucial for establishing consistency in study findings, and reproducibility, as well as providing supporting indirect evidence of the cost-effectiveness of these interventions.

Diabetes, as an independent risk factor for cardiovascular disease, and also being a co-morbid condition for CVD,[@bib10] needs a population-level approach to be identified earlier in a potentially high-risk population. One such approach can be to detect Silent Myocardial Ischemia in asymptomatic diabetic patients.[@bib11]^,^[@bib12] Subclinical atherosclerosis by quantitative measurements of carotid intima-media thickness (CIMT)[@bib13]^,^[@bib14] and Silent Myocardial Ischemia (Silent MI) by treadmill exercise stress testing[@bib11]^,^[@bib12] are two recommended clinical strategies to address this population-level approach, which can be both cost-effective and noninvasive. Taken together, we set out with the following two specific study objectives.1.To estimate the prevalence of silent MI objectively, and to identify the associated risk factors of silent MI in a cohort of asymptomatic diabetes patients attending an urban health center in Eastern India.2.To explore if CIMT can be a surrogate marker of coronary risk in asymptomatic diabetes patients.

2. Methods {#sec2}
==========

The detailed study methodology has already been published.[@bib15] We have provided a brief overview of the methods below. Our study is a cross-sectional clinico-observational study in an urban population setting of individuals without any known cardiovascular ailments, i.e., a cohort of asymptomatic type 2 diabetes patients. The study setting is Berhampur City, a major city of Odisha state, and one of the underdeveloped regions of Eastern India bordering an affluent Andhra Pradesh state of Southern India. Therefore, the residents here are a diverse mix of socioeconomic class, language, faith, and customs. The study is a clinic-based observational study on 350 consecutive patients of diabetes at an urban health center, Berhampur, India, over a period of 6 months from September 2017 to February 2018 with a predefined inclusion and exclusion criteria.

*Inclusion criteria:* Patients of diabetes on insulins or oral hypoglycemic agents with a normal resting ECG.

*Exclusion criteria:* Diabetes patients with cerebrovascular disease, cardiovascular diseases, and chronic kidney disease at baseline.

Silent Myocardial ischemia (based on exercise tolerance testing)[@bib11]^,^[@bib12] and subclinical atherosclerosis (identified through carotid-intima media measurements of the common carotid artery)[@bib14]^,^[@bib15] are the primary outcome measures. The methods are described in the prepublished protocol.[@bib15] Details of other variables of interest are explained below.[@bib15] Given the nature of the research question, no potential confounders or effect modifiers were identified apriori. There is no primary exposure of interest in this research question. However, potential risk factors for the outcome of interest were identified and were factored into the analysis. We have taken adequate care to ensure a good response rate by explaining the recruited subjects about the importance of the study to self and also the public health implications of the study. A previously validated questionnaire tool that was applied to our earlier studies has been adopted.[@bib4] In short, we have followed the WHO stepwise approach for data collection.[@bib16] Demographic, socioeconomic, and self-reported behavioral information (smoking, alcohol, physical activity, diet), objective measures of anthropometry (height, weight, waist and hip circumferences), biochemical parameters (blood glucose, glycosylated hemoglobin, lipids, uric acid, creatinine levels, microalbuminuria),electrocardiographic and CIMT measurements were also obtained. Health conditions have been documented based on self-reported history of diabetes, hypertension, and cardiovascular disease (chest pain, heart attack, or stroke). Family histories for all of the above conditions were collected. Current estimates of silent MI in diabetic patients amongst South Asians are less well documented. Based on the literature review,[@bib17] we assumed a prevalence of silent MI amongst diabetic patients to be 25%. Based on this prevalence (+/− 5%), we computed the required sample size using Open-Epi online software, assuming an alpha level of 0.05 (95% CI) to be 289. The estimated sample size is 350 on factoring 20% nonresponse.

2.1. Statistical analysis {#sec2.1}
-------------------------

The entire statistical analyses were carried out using SPSS software version 22. All continuous variables (including CIMT) were reported as Means ± Standard deviation. The prevalence of various cardiovascular risk factors in study participants was described in percentages. The mean values and frequencies of cardio-metabolic risk factors were analyzed across two subgroups, namely those with silent MI positive (TMT Positive), and those with silent MI negative group (TMT Negative) using Students' *t*-test (for continuous variables) and Chi-square tests for categorical variables. Multivariate logistic regression using a backward elimination method was used to predict the significant risk factors of silent MI (only one variable with the highest '' *p-*value, which does not show significance was excluded in the next modeling step). A priori subgroup analyses within silent MI patients were undertaken. For instance, within the silent MI patients, two risk groups (namely high and low) were compared and contrasted based on known cardiometabolic risk factors employing multivariable logistic regression analyses. Finally, the mean difference and the 1-SD difference in CIMT readings were estimated to predict subclinical atherosclerosis in our study subjects employing multivariable logistic regression techniques. Statistically, the significance is assumed at *p* \< 0.05.

2.2. Ethics {#sec2.2}
-----------

The study is in agreement with the Indian Council of Medical Research guidelines on bioethics. The institutional ethical committee of Kalinga Institute of Medical Sciences, Bhubaneswar, India has accepted the study proposal. All the study participants have given their written informed consent before the study.

3. Results {#sec3}
==========

A total of 338 subjects out of 350 eligible subjects have completed the study. The response rate is 96.57% of which males are 176 (52.1%), and females are 162 (47.9%). Of the 12 dropouts, five patients did not report to TMT lab because of knee problems, two patients had hypersensitivity to the carotid bulb, one patient had to be shifted to acute care, and four patients have not turned up for followup at all. There is an increased prevalence of coronary risk factors, physical inactivity, hypertension, hypercholesterolemia, and obesity, as well as factors peculiar to South Asians, such as central obesity, low fruit intake, low HDL-cholesterol, and hypertriglyceridemia in this cohort of diabetic subjects. Moreover, risk factors like physical inactivity, central obesity, overweight, and low HDL cholesterol are more prevalent in females in our study subjects. The estimated prevalence (crude) of silent MI amongst subjects of asymptomatic type 2 Diabetes was 23.1%, objectively measured through TMT tests. Males had a relatively higher prevalence (28.4%) compared to females (17.3%). The mean IMT in our study group was 0.6741 ± 0.034 mm (males -- 0.684 ± 0.034 mm and females -- 0.663 ± 0.032 mm). [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"} show the respective baseline characteristics of anthropometric, behavioral, clinical, biochemical, and imaging parameters by TMT status across males and females. Of note in [Table 2](#tbl2){ref-type="table"}, the mean CIMT was higher in subjects within the TMT positive group, i.e., 0.7133 ± 0.0215 versus 0.6624 ± 0.0286 mm in TMT negative group. Furthermore, by regression analysis, the sensitivity and specificity of CIMT are best observed at 0.70 mm to predict Silent MI (sensitivity of 63% and specificity of 90%), as evident from [Table 3](#tbl3){ref-type="table"}. The correlation of CIMT with silent MI (TMT positive: coded as 1 and TMT negative: coded as 0) is depicted in [Fig. 1](#fig1){ref-type="fig"}. Pearson's correlation coefficient shows a statistically significant positive correlation (*r* = 0.621) with CIMT. The figure shows that higher CIMT values are observed in silent MI group compared to TMT negative group.Table 1Anthropometric/Behavioral/Clinical risk factors in TMT positive versus TMT negative subjects.Table 1Risk ParametersTread Mill TestPositive \[+ve\] (*n* = 78)Negative \[-ve\] (260)SigAge (Years), (mean ± SD)59.5 ± 8.151.5 ± 11.50.001\*Body mass Index (kg/m2), (mean ± SD)26.7 ± 4.725.6 ± 4.10.027\*Waist Circumference, (mean ± SD)93.1 ± 11.689.9 ± 10.80.023\*Central Obesity, *n* (%)59 (75.6)161 (61.9)0.026\*Obesity, *n* (%)46 (59.0)131 (50.4)0.183Overweight, *n* (%)61 (78.2)187 (71.9)0.271Physical inactivity, *n* (%)52 (66.7)146 (56.2)0.098Smokers, *n* (%)28 (35.9)52 (20.0)0.004\*Alcohol consumers, *n* (%)20 (25.6)61 (23.5)0.692Low/No Fruit intake, *n* (%)36 (46.2)144 (55.4)0.152Systolic BP(mmHg), (mean ± SD)145.31 ± 13.6138.79 ± 14.30.001\*Diastolic BP(mmHg), (mean ± SD)87.36 ± 6.885.31 ± 8.20.044\*Hypertension, *n* (%)61 (78.2)151 (58.1)0.001\*Duration of Diabetes (years), (mean ± SD)7.8 ± 3.85.57 ± 3.30.001\*Family History-CHD, *n* (%)8 (10.3)20 (7.7)0.471Family history-Diabetes, *n* (%)36 (46.2)113 (43.5)0.674Family history --HTN, *n* (%)30 (38.5)80 (30.8)0.203[^1][^2]Table 2Comparison of Biochemical/Imaging risk parameters in TMT Positive versus TMT Negative subjects.Table 2Risk ParametersTread Mill TestPositive \[+ve\] (*n* = 78)Negative \[-ve\] (260)SigFasting blood sugar \[mg/dl\], (mean ± SD)141.9 ± 37.6130.8 ± 33.70.014\*Post prandial sugar \[mg/dl\], (mean ± SD)241.6 ± 50.8226.9 ± 52.90.030\*Glycosylated hemoglobin \[%\], (mean ± SD)7.52 ± 0.707.37 ± 0.780.136Microalbuminuria. *n* (%)32 (41.0)30 (11.5)0.001\*Total cholesterol \[mg/dl\], (mean ± SD)206.9 ± 45.1183.3 ± 36.30.001\*Hypercholesterolemia *n* (%)38 (48.7)68 (26.2)0.001\*Triglycerides \[mg/dl\], (mean ± SD)216.7 ± 57.6175.7 ± 45.70.001\*Hypertriglyceridemia, *n* (%)70 (89.7)180 (69.2)0.001\*HDL cholesterol \[mg/dl\], (mean ± SD)41.3 ± 6.247.3 ± 7.40.001\*Low HDL, *n* (%)40 (51.3)96 (36.9)0.023\*LDL cholesterol \[mg/dl\], (mean ± SD)121.4 ± 45.8101.1 ± 35.80.001\*Increased LDL, *n* (%)29 (37.2)59 (22.7)0.011\*CIMT \[mm\], (mean ± SD)0.7133 ±0.0220.6624 ±0.0290.001\*[^3][^4][^5]Table 3Correlation of CIMT with silent myocardial ischemia.Table 3CIMTSensitivitySpecificityPPVNPVAccuracyORRR*p*-value0.60 mm0.1000.410.340.1000.55----[a](#tbl3fna){ref-type="table-fn"}0.65 mm0.1000.410.340.1000.55----[a](#tbl3fna){ref-type="table-fn"}0.70 mm0.630.900.650.890.8415.25.9\<0.000\*0.75 mm0.260.990.500.770.773.402.200.1990.80 mm0.00.100--0.770.77----[a](#tbl3fna){ref-type="table-fn"}0.85 mm0.00.100--0.770.77----[a](#tbl3fna){ref-type="table-fn"}0.90 mm0.00.100--0.770.77----[a](#tbl3fna){ref-type="table-fn"}[^6][^7][^8][^9]Fig. 1Correlation between CIMT and Silent Myocardial ischemia.Fig. 1

Various potential risk factors for silent MI like LDL, HDL, Total Cholesterol, Triglycerides, Smoking status, Duration of Diabetes, Microalbuminuria, Hypertension, Age, Central obesity, and CIMT were identified by univariate analyses, which were later factored in multivariable logistic regression analyses. [Table 4](#tbl4){ref-type="table"} Identifies the significant risk factors of silent MI through multivariable logistic regression analyses. Only variables like Hypercholesterolemia, Hypertriglyceridemia, Age, and CIMT remained statistically significant in the final multivariable model. For instance, those who had increased CIMT (≥0.70 mms) were ten times as likely to develop silent MI compared to those who had lower CIMT (adjusted OR: 9.78; 95% CI: 5.0--19.1).Table 4Multivariate logistic regression analysis to predict significant risk factors for silent myocardial ischemia amongst study population.Table 4Risk factorsOdds ratio (95% Confidence Interval)*p*-valueRisk factors Eliminated in each stepInitial \[Step 1\]Increased LDL1.19 (0.46--3.11)0.7182Diabetes duration ≥10 years1.23 (0.52--2.89)0.6353Low HDL1.17 (0.56--2.43)0.6824Hypertension1.39 (0.65--2.96)0.3985Microalbuminuria1.38 (0.58--3.25)0.4686Central Obesity1.67 (0.80--3.47)0.1737Smoking status1.97 (0.93--4.16)0.0758Hypertriglyceridemia2.38 (0.94--5.99)0.066Hypercholesterolemia2.51 (0.99--6.32)0.050Age \[≥50 years\]3.22 (1.25--8.28)0.015\*CIMT \[≥0.7000 mm\]8.03 (4.00--16.11)\<0.001\*Final \[Step 8\]Hypertriglyceridemia2.62 (1.09--6.29)0.031\*Hypercholesterolemia2.91 (1.47--5.74)0.002\*Age \[≥50 years\]4.09 (1.69--9.88)0.002\*CIMT \[≥0.7000 mm\]9.78 (5.0--19.1)\<0.000\*[^10][^11]

4. Discussion {#sec4}
=============

4.1. Key results {#sec4.1}
----------------

The main findings of this cross-sectional study based on the two specific study objectives are:a)The estimated prevalence (crude) of silent MI in this study population was 23.1% objectively measured through TMT tests; males had a relatively high prevalence (28.4%) compared to females (17.3%).(b)Age, CIMT, Hypercholesterolemia, and Hypertriglyceridemia are the only significant risk factors for silent MI in our cohort of diabetic patients.(c)Those who had higher CIMT ≥0.70 mms were ten times as likely to develop silent MI compared to those who had lower CIMT.(d)CIMT can be used as a potential surrogate marker of coronary risk, amongst asymptomatic Diabetic patients.

Our study findings are broadly consistent with evidence documented earlier.[@bib18], [@bib19], [@bib20] Several studies based in India have reported a wide variation in the prevalence of silent MI,[@bib18]^,^[@bib21], [@bib22], [@bib23] which may be due to the methodological differences in these studies. Globally, our study findings are also in agreement with the published literature related to the prevalence of silent MI.[@bib12]^,^[@bib24], [@bib25], [@bib26], [@bib27] Second, we have reported in this study that Age, CIMT, Hypercholesterolemia, and Hypertriglyceridemia were identified as potential significant risk factors of silent MI drawn on the variables that were measured or available to this study, which are consistent with evidence published elsewhere.[@bib21], [@bib22], [@bib23]^,^[@bib26]^,^[@bib28] However, other cardiometabolic risk factors, such as duration of diabetes, lipid parameters, smoking status, central obesity, hypertension, and microalbuminuria, were significantly associated in the univariate analyses but did not reach statistical significance in multivariable logistic regression analyses. Comparable to earlier studies,[@bib12]^,^[@bib21]^,^[@bib24] our study has also not shown any significance of glycaemic control in predicting silent MI, although it is of significance to prevent further complications of diabetes. Therefore, there is this potential of residual confounding due to unmeasured and unknown risk factors.

Finally, we also explored the possibility of CIMT being considered a surrogate measure of coronary risk among asymptomatic diabetic patients. Our study findings are in favor of this direction. A number of large-scale studies have established the relationship between increased CIMT and cardiovascular events independent of usual cardiometabolic risk factors both locally[@bib29] and internationally.[@bib13] The Chennai Urban Population study evaluated that the mean IMT in South Indian subjects with diabetes (0.95 ± 0.31 mm) was significantly higher than those of the nondiabetic subjects (0.74 ± 0.14 mm).[@bib29] But the mean CIMT in our study group was 0.6741 ± 0.034 mm (males -- 0.684 ± 0.034 mm and females -- 0.663 ± 0.032 mm). This may be because the majority of our patients were already diagnosed cases of diabetes and on regular treatment. But a recent SCORE-India study highlights that the CIMT values were also higher in diabetic subjects at (0.635 ± 0.10 mm) as compared to nondiabetics (0.589 ± 0.12 mm).[@bib30] Hence our observations are consistent with the above nationwide SCORE-India study. Our study shows that the mean CIMT in the silent MI positive group was 0.713 ± 0.021 mm as compared to 0.662 ± 0.028 mm in the negative group. This difference was statistically significant, and there was a direct correlation between CIMT and the occurrence of silent MI in our study. Both males and females had higher CIMT in the silent MI group than in a negative group.

4.2. Strengths and limitations of the study {#sec4.2}
-------------------------------------------

Our study had certain limitations that are worth considering. Although this is one of the large studies to determine coronary risk profile in asymptomatic diabetes subjects, it is still small given the overall size and the diversity of the Indian population. The interpretation of the prevalence of coronary risk in the present study is affected by possible recall and measurement biases. However, they are minimized through the administration of the previously validated questionnaire, trained interviewers, and the utility of calibrated diagnostic and anthropometric tools based on well-defined measurement criteria. Selection bias may be a possibility in this study design, but this may be minimal, given that the study participants were recruited from the source population (study base) consecutively.

Moreover, this is only a cross-sectional study done at one point in time, and therefore, no causal inferences can be drawn. Furthermore, we could not evaluate our patients, whether tested positive or not for silent myocardial ischemia either by coronary interventional or radionuclide studies solely due to logistical and resource constraints. The study has been undertaken in a low-resource setting, with minimal resources wherein a universal health coverage is a distant dream.[@bib31]^,^[@bib32] The same is further corroborated by the fact that about 60% of ST-elevation myocardial infarction (STEMI) patients deserving primary Percutaneous coronary intervention (PCI) and pharmaco-invasive approach to coronary reperfusion are untreated in India.[@bib33] However, evidence suggests that exercise tolerance tests report a sensitivity of 68% and a specificity of 77%, which can be acceptable in a research setting, such as the current one.[@bib34] Therefore, additional investments in coronary interventional and radionuclide imaging may not be justifiable.

One of the main strengths of this study is that this study is from a population setting wherein the resources and logistics are limited but has heterogeneous socio-cultural characteristics, and no such similar studies have been undertaken in such an environment, which adds to the novelty of our study rationale.

5. Conclusion {#sec5}
=============

The observations of this study apply to both clinical and preventive cardiovascular practice and are more pertinent to low and middle-income countries with limited health care infrastructure. An estimated prevalence of 23% for silent MI among asymptomatic diabetic patients is relatively high. However, the four potential significant factors thus identified to predict silent myocardial ischemia can be further developed into a risk assessment clinical tool. Although the study is a cross-sectional design, the findings suggest that patients of diabetes with a mean duration of ten years and above need to undergo carotid imaging, and those with a CIMT greater than 0.70 mm may need further exercise tolerance testing to detect silent MI. However, prospective longitudinal studies with a larger sample size will provide additional insights into this.

5.1. Generalizability {#sec5.1}
---------------------

Although our study is a regional study, but is of adequate statistical power and representative of the target population of asymptomatic diabetic patients bordering two neighboring states from Eastern and Southern India. Further, our study has pursued the Strengthening the Reporting of observational studies in Epidemiology (STROBE) criteria for global comparisons.[@bib35]
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[^1]: \* Significant with *p* \< 0.01, *p* \< 0.05 using student *t*-test, chi-square test, SD. *Standard Deviation*

[^2]: BP:Blood Pressure,CHD:Cornary heart disease, HTN,Hypertension.

[^3]: \* Significant with *p* \< 0.01, *p* \< 0.05 using student *t*-test, chi-square test, SD. *Standard Deviation*

[^4]: CHD:Cornary heart disease, HTN,Hypertension,HDL:High Density Lipoprotein,LDL:Low Density Lipoprotein.

[^5]: TMT: Treadmill test, CIMT: Common Carotid artery Intima-media thickness,mm: millimetre, mg: milligram.

[^6]: \*Significant with *p* \< 0.05; *p* \< 0.01.

[^7]: CIMT: Common Carotid artery Intima-media thickness; PPV: Positive predictive value.

[^8]: NPV: Negative predictive value; OR: Odds ratio; RR: Relative risk; mm: millimetre.

[^9]: Nil significance due to insufficient data.

[^10]: HDL:High Density Lipoprotein,LDL:Low Density Lipoprotein.

[^11]: CIMT: Common Carotid artery Intima-media thickness,mm: millimetre.
